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ABSTRACT 



A vehicle occupant safety apparatus (10) for helping to 
protect an occupant of a vehicle (12) having a roof (46) and 
a side structure (40) includes a first vehicle occupant pro- 
tection device (20). The first protection device (20) is 
inflatable into a position between the side of the occupant's 
head and the vehicle side structure (40). A first inflation fluid 
source (14) directs inflation fluid into the first inflatable 
device to inflate the first inflatable device. A second vehicle 
occupant protection device (22) is inflatable into a position 
between the top of the occupant's head and the vehicle roof 
(46). A second inflation fluid source (16) is actuatable 
independently of the first inflation fluid source for directing 
inflation fluid into the second inflatable device to inflate the 
second inflatable device. Control means (30, 32) is respon- 
sive to at least one sensed vehicle condition for selectively 
actuating the second inflation fluid source (16) at a prede- 
termined period of time after actuation of the first inflation 
fluid source (14). 

29 Claims, 3 Drawing Sheets 
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VEHICLE OCCUPANT SAFETY APPARATUS The safety apparatus 10 includes electrical circuitry 

R A rvr dot FMn nn tut: ii^/nxm™ including a sensor 30 for sensing a vehicle condition such as 

BACKGROUND OF THE INVENTION a side impact to the vehicle u or a vehide ro „ over 

The present invention relates to a vehicle occupant safety tion - sa f etv apparatus 10 also includes a controller 32 for 
apparatus and, in particular, to a vehicle safety apparatus for 5 actuatin g one or both of the inflators 14 and 16 in response 
helping to protect an occupant of a vehicle having a roof and t0 ^ out P u | of the sensor 30. Upon the occurrence of a 
a side structure. vehicle condition for which inflation of one or both of the air 

bags 20 and 22 is desired to help protect the occupant of the 
SUMMARY OF THE INVENTION vehicle 12, the sensor 30 and the controller 32 cooperate to 

Hie present invention is a vehicle occupant safety appa- 10 f " d a " f tU f tion sig " al to ° n ° or both of the inflators 14 and 

ratus for helping to protect an occupant of a vehicle having 16 ° Ver lead WUes 34 and 36 

a roof and a side structure. The apparatus includes a first The vehicle 12 (FIG. 2) includes a side structure of which 

vehicle occupant protection device inflatable into a position a P ortlon is illustrated at 40. The side structure 40 includes 

between the side of the occupant's head and the vehicle side a door 42 and a window 44 The vehicle also has a roof 46 

structure, and an actuatable first inflation fluid source for 15 mside of which ^ su PP orted a headliner 48. 

directing inflation fluid into the first inflatable device to A seat 50 is supported on the vehicle floor 52 by tracks 54. 

inflate the first inflatable device. The apparatus includes a ^ seat 50 includes a seat bottom cushion 56 and a seatback 

second vehicle occupant protection device inflatable into a 58 - Wnen a vehicle occupant (not shown) sits in the seat 50, 

position between the top of the occupant's head and the tne occupant is adjacent to the vehicle door 42 and window 

vehicle roof, and a second inflation fluid source actuatable 20 *f * ^ side of tne occupant's head is adjacent to the 

independently of the first inflation fluid source for directing window 44. The top of the occupant's head is adjacent to the 

inflation fluid into the second inflatable device to inflate the headliner 48. 

second inflatable device. The apparatus further includes The inflators 14 and 16 and the air bags 20 and 22 are 

control means responsive to at least one sensed vehicle 2$ mounted as a module 60 in the vehicle 12. As illustrated, the 

condition for selectively actuating the second inflation fluid module 60 is mounted at the outboard side of the headliner 

source at a predetermined period of time after actuation of 48, over the window 44. The module 60, or portions thereof 

the first inflation fluid source. including the inflators 14 and 16, may alternatively be 

nnTrr , ^ I . f >^ T , T ™ rtvr ™ mm _ mounted near the front of the vehicle 12. on o r near the 

BRIEF DESCRIPTION OF THE DRAWINGS ^ A-p.Uar, or at another incinn nn .h. w fe 

The foregoing and other features of the present invention Th e module 60 includes means illustrated schematically 

will become apparent to one skilled in the art to which the at 62 (FIG. 5) for mounting the inflators 14 and 16 and the 

present invention relates upon consideration of the following au ~ bags 20 and 22 to the vehicle 12. The mounting means 

description of the invention with reference to the accompa- 62 is generally of a known construction and therefore is not 
nying drawings, wherein: 35 illustrated in detail. The mounting means 62 may include 

FIG. 1 is a schematic block diagram of a vehicle occupant one or more Drackels or other fasteners for securing the 

safety apparatus in accordance with the present invention; module 60 in position on the vehicle 12. 

FIG. 2 is a front elevational view of a portion of a vehicle ^ first air ba S 20 > or wind o w air bag, when inflated, 

including the safety apparatus of FIG 1- extends generally downward in the vehicle 12 along the side 

FIG. 3 is a view similar to FIG. 2 of the vehicle occupant 40 ° f ^ **'J** window air ba S 2 <? has an u PP er end 

safety apparatus including a window air bag shown in an P °T? 70 ^ c £ ed j° or adjacent the first inflator 14. A 

inflated condition; ce 1 P 0rtl0n 72 of the window air bag 20 extends between 

cir , A . . ' . , PI „ , , . u ji. the window 44 and the occupant's head. A lower end portion 

J£ tTn 7 £ G ' 3 ^ " headlmer 74 of the window air ba S 20 extends inward of the door 42, 

air bag m an inflated condition; ^ at a locati(m ^ ^ ^ so ^ ^ ^ 

FIG. 5 is a schematic fragmentary view of a portion of the bag can resist movement of the occupant in a direction out 

vehicle safety apparatus of FIG. 1; and 0 f the window opening. 

FIG. 6 is a schematic fragmentary view similar to FIG. 5 The first inflator 14 preferably contains a stored quantity 

of a portion of a vehicle safety apparatus constructed in of pressurized inflation fluid in the form of gas to inflate the 

accordance with a second embodiment of the invention. 50 window air bag 20. The first inflator alternatively could 

DESCRIPTION OF PREFERRED contain a combination of pressurized inflation fluid and 

EMBODIMENTS ignitable material for heating the inflation fluid, or could be 

a pyrotechnic inflator which uses the combustion of gas- 

The present invention relates to a vehicle occupant safety generating material to generate inflation fluid, 
apparatus and, in particular, to a vehicle safety apparatus for 55 Th e first inflator includes_ a_diffuser 80. The diffuser SO 

helping to protect an occupant of a vehicle having a roof and (not sKomfiiTdeTail) is preferably a'metal member having a" 

a side structure. The present invention is applicable to plurality of inflation fluid outlets 82 for directing inflation 

various vehicle occupant safety apparatus constructions. As fluid into the window air bag 20. The diffuser 80 may be 

representative of the present invention, FIG. 1 illustrates formed as a portion of the first inflator 14 or may be a 

schematically a vehicle occupant safety apparatus 10 for use eo separate member connected with or adjacent to the inflator. 
in a vehicle 12 (FIG. 2). The inflation fluid outlets 82 in the diffuser 80 are oriented 

The safety apparatus 10 (FIG. 1) includes first and second in the vehicle 12 so that inflation fluid from the first inflator 

inflators 14 and 16, described below in more detail. The 14 flows in a predetermined direction into the window air 

apparatus also includes first and second inflatable vehicle bag 20 to inflate the air bag. Specifically, the inflation fluid 

occupant protection devices in the form of a window air bag 65 outlets 82 are oriented in the vehicle 12 so that inflation fluid 

or side curtain 20 and a headliner air bag 22, both described from the first inflator 14 flows in a direction to inflate the 

below in more detail. window air bag 20 between the window 44 and the vehicle 
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occupant's head. This is a vertically downward direction The safety apparatus 10a includes a single inflator 120 

when the vehicle 12 is in an upright orientation. rather than the two separate inflators 14 and 16 (FIG. 1) of 

The second air bag 22, or headliner bag, when inflated, the safety apparatus 10. The inflator 120 (FIG. 6) is a dual 

extends generally laterally in the vehicle 12, between the stage inflator which includes independently actuatable first 

roof 46 and the headliner 48. The headliner bag 22 has an 5 and second stages. The first stage of the inflator 120, when 

outer end portion 90 connected with or adjacent to the actuated, emits inflation fluid under pressure through infla- 

second inflator 16, A main body portion 92 of the headliner tion fluid outlets 82a of a diffuser 80a. The second stage of 

bag 22 is extendable between the roof 46 and the headliner the inflator 120, when actuated, emits inflation fluid under 

48, at a location above the seat 50 and the occupant's head, pressure through inflation fluid outlets 102a of a diffuser 

so that the inflated headliner bag 22 can help to protect the JO 100a. The single inflator 120, with the diffusers 80a and 

occupant's head. 100a, is mounted in the vehicle 12 in the same or a similar 

The second inflator 16 is preferably similar in construe- manner to the mounting of the inflators 14 and 16 as parts 

tion to the first inflator 14. The second inflator 16 includes of tne safety apparatus 10. From the above description of the 

a diffuser 100. The diffuser 100 (not shown in detail) is invention, those skilled in the art will perceive 

preferably a metal member having a plurality of inflation 15 improvements, changes and modifications in the invention, 

fluid outlets 102 for directing inflation fluid into the head- Sucn improvements, changes and modifications within the 

liner bag 22. The inflation fluid outlets 102 are oriented in ski11 of the art are intended to be covered by the appended 

the vehicle 12 so that inflation fluid from the second inflator claims. 

16 flows in a predetermined direction into the headliner bag Having described the invention, I claim: 

22 to inflate the headliner bag. Specifically, the inflation 20 1 A vehicle occupant safety apparatus for helping to 

fluid outlets 102 are oriented in the vehicle 12 so that protect an occupant of a vehicle having a roof and a side 

inflation fluid from the second inflator 16 is directed gen- structure, said apparatus comprising: 

erally laterally in the vehicle, to inflate the headliner bag 22 a first vehicle occupant protection device inflatable into a 

laterally between the roof 46 and the headliner 48, at a position between the side of the occupant's head and 

location above the seat 50 and the vehicle occupant's head. 25 the vehicle side structure; 

This is a generally horizontal direction when the vehicle 12 an actuatable first inflation fluid source for directing 

is in an upright orientation. m;iiioQ fluid into said first inflatable device in * 

Upon the occurrence of a vehicle condition, such as a side generally downward direction in the vehicle to inflate 

impact to the vehicle 12, for which it is desired to help said first inflatable device entirely below the first infla- 

protect the occupant of the seat 12, the first inflator 14 is tion fluid source; 

actuated in a Imown manner by the controller 32 Inflation a sec0 nd vehicle occupant protection device inflatable 

ouflets 82ofthediffiiser80 andinto and the vehicle roof and Q ^ rl i me * 

The window air bag 20 inflates generally vertically down- occupant's head- 

ward in the vehicle, between the window 44 and the vehicle 35 j • « • j . , . 

occupant's head, as shown in FIG. 3. a inflation fluid source actuatable independently of 

Jf , u u- i i i j- i ™ " said nrst mflatl °n fluid source for directing inflation 

If the veh.de eteclnc circuitry mchiding the sensor 30 fluid into ^ second mflataWe device tQ ^ ^ 

and the controller 32, determines that the vehicle 12 may be seami inflatabIe devi and 

in a rollover condition, then the controller actuates the ,„ . , 

second inflator 16. When the second inflator 16 is actuated, ° contro ' . meal f responsive to at least one sensed vehicle 

inflation fluid is directed through the diffuser outlets 102 in condition for selectively actuating one or both of said 

the diffuser 100 and into the headliner air bag 22. The , 7* and second j infl a«on fluid sources, 

headliner air bag 22 inflates generally laterally in the 2. An apparatus as defined in claim 1 wherein said control 

vehicle, that is, between the roof 46 and the headliner 48, at ^ans selectively actuates said second inflation fluid source 

a location above the vehicle occupant's head. The interpo- 45 al a SeleCted time after actua,ion of ^ first inflation fluid 

sition of the headliner air bag 22 between the occupant's so " rce - 

head and the vehicle roof 46 helps to protect the occupant ^ a PP aratus as deflned ln clalm 1 wherei n s a ' d control 

from injury due to contact with the roof. me ™f ^P?^ se j nsor means for sensing at least one 

Tie second inflator 16 is actuated at a selected period of 50 ™S™^T r ^ Mt ^ ** "J"^ 

lime after the actuation of the first inflator 14. This time ^ ^"^L^™ ^ J? M * ^ 

delay is provided because a vehicle condition which requires ™i ? r J T T I X C °u ^ •„ 

^."L,- ' nf tn ^e.u u- i u . l5 7 u . 4. An apparatus as defined in claim 3 wherein said sensor 

Srln V P , ^^^P" 1 ^^ that is, means ^ ative tQ sense a side ^ 

rf^th^ hv 10PS ° VCr " l0DgCr Pen ° d vehicle and a rallover condition of the vehicle. 

of time than a side mipact condition. 55 5 ^ apparatus M defined {n ^ % ^ ^ 

In addition, it may m some circumstances be desirable to vehicle occupant protection device is a window air bag 

actuate the second inflator 16, and inflate the headliner air inflatable into a position between the vehicle occupant and 

I ' iT^ t0 ( °[ eVCn With ° Ut) aCtUati ° n ° f th£ firSt a window of the vehicle > a nd said second vehicle occupant 

inflator 14. Urns, the sensor 30 may comprise separate protection device is a headliner air bag inflatable into a 
sensors for sensing a side impact to the vehicle 12 and for 6 o position between the vehicle occupant and a roof of the 

sensing a rollover condition of the vehicle. vehicle. 

FIG. 6 is a schematic fragmentary view of a portion of a 6. An apparatus as defined in claim 5 wherein the vehicle 

vehicle safety apparatus 10a constructed in accordance with includes a headliner supported on the vehicle roof, said 

a second embodiment of the invention. The safety apparatus headliner air bag being inflatable into a position between the 
10a is similar in construction to the safety apparatus 10 65 vehicle headliner and the roof of the vehicle. 

(FIGS. 1-5) and similar parts are given the same reference 7. An apparatus as defined in claim 5 wherein said first 

numerals with the suffix "a" added for clarity. inflation fluid source comprises means for directing inflation 
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fluid to flow from said first inflation fluid source in a 
generally downward direction in the vehicle to inflate said 
window air bag in a generally downward direction in the 
vehicle, and said second inflation fluid source comprises 
means for directing inflation fluid to flow from said second 
inflation fluid source in a lateral direction in the vehicle to 
inflate said headliner air bag in a lateral direction in the 
vehicle, 

8. An apparatus as defined in claim 1 wherein said first 



and second inflation fluid sources comprise first and second 10 vehicle. 



17. An apparatus as defined in claim IS wherein said first 
inflation fluid source comprises means for directing inflation 
fluid to flow from said first inflation fluid source in a 
generally downward direction in the vehicle to inflate said 
window air bag in a generally downward direction in the 
vehicle, and said second inflation fluid source comprises 
means for directing inflation fluid to flow from said second 
inflation fluid source in a lateral direction in the vehicle to 
inflate said headliner air bag in a lateral direction in the 



stages of a single inflator. 

9. An apparatus as defined in claim 1 wherein said first 
and second inflation fluid sources comprise first and second 
inflators. 

10. A vehicle occupant safety apparatus for helping to is 
protect an occupant of a vehicle having a roof, a headliner 
supported on the roof, and a side structure including a 
window, said apparatus comprising: 

a first vehicle occupant protection device having a 



i — - i — * — ■ ' 

deflated condition wherein said first protection device 20 comprising: 



18. An apparatus as defined in claim 10 wherein said first 
and second inflation fluid sources comprise first and second 
stages of a single inflator. 

19. An apparatus as defined in claim 10 wherein said first 
and second inflation fluid sources comprise first and second 
inflators. 

20. A vehicle occupant safety apparatus for helping to 
protect an occupant of a vehicle having a side structure, a 
roof, and a headliner supported on the roof, said apparatus 
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is stored along an outboard side of said headliner above 
the vehicle window, said first protection device being 
inflatable into a position between the side of the occu- 
pant's head and the vehicle side structure; 
an actuatable first inflation fluid source for directing 
inflation fluid into said first inflatable device to inflate 
said first inflatable device; 
a second vehicle occupant protection device having a 
deflated condition wherein said second protection 
device is stored along said outboard side of said head- 
liner above the vehicle window, said second protection 
device being inflatable into a position between the top 
of the occupant's head and the vehicle roof and over- 
lying the top of the occupant's head; 
a second inflation fluid source actuatable independently of 
said first inflation fluid source for directing inflation 
fluid into said second inflatable device to inflate said 
second inflatable device; and 
control means responsive to at least one sensed vehicle 40 
condition for actuating said first and second inflation 
fluid sources. 

11. An apparatus as defined in claim 10 wherein said 
control means selectively actuating one or both of said first 
and second inflation fluid sources. 

12. An apparatus as defined in claim 11 wherein said 
control means selectively actuates said second inflation fluid 
source at a selected time after actuation of said first inflation 
fluid source. 

13. An apparatus as defined in claim 10 wherein said 
control means comprises sensor means for sensing at least 
one vehicle condition and controller means for selectively 
providing an inflator actuation signal in response to said 
sensor means sensing the at least one vehicle condition. 

14. An apparatus as defined in claim 13 wherein said 55 
sensor means is operative to sense a side impact condition of 
the vehicle and a rollover condition of the vehicle. 

15. An apparatus as defined in claim 10 wherein said first 
inflatable device is a window air bag inflatable into a ^ a pp a raws as aennea in ciaim zi wnerein said 
position between the vehicle occupant and a window of the 60 control means selectively actuates said second inflation fluid 
vehicle, and said second inflatable device is a headliner air source at a selected time after actuation of said first inflation 
bag inflatable into a position between the vehicle occupant fluid source. 

and a roof of the vehicle. 23. An apparatus as defined in claim 20 wherein said 

16. An apparatus as defined in claim 15 wherein the control means comprises sensor means for sensing at least 
vehicle includes a headliner supported on the vehicle roof, 65 one vehicle condition and controller means for selectively 
said headliner air bag being inflatable into a position providing an inflator actuation signal in response to said 
between the vehicle headliner and the roof of the vehicle. sensor means sensing the at least one vehicle condition 
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a first vehicle occupant protection device inflatable into a 
position between the side of the occupant's head and 
the vehicle side structure; 
an actuatable first inflation fluid source for directing 
inflation fluid into said first inflatable device to inflate 
said first inflatable device; 
a second vehicle occupant protection device inflatable 
between the vehicle roof and the vehicle headliner into 
a position between the top of the occupant's head and 
the vehicle roof and overlying the top of the occupant's 
head; 

a second inflation fluid source actuatable independently of 
said first inflation fluid source for directing inflation 
fluid into said second inflatable device to inflate said 
second inflatable device; and 
control means responsive to at least one sensed vehicle 
condition for actuating said first and second inflation 
fluid sources; 

wherein said first inflatable device is a window air bag 
inflatable into a position between the vehicle occupant 
and a window of the vehicle, and second inflatable 
device is a headliner air bag inflatable into a position 
between the vehicle occupant and a roof of the vehicle; 
wherein said first inflation fluid source comprises means 
for directing inflation fluid to flow from said first 
inflation fluid source in a generally downward direction 
in the vehicle to inflate said first inflatable device in a 
generally downward direction in the vehicle entirely 
below the first inflation fluid source, and said second 
inflation fluid source comprises means for directing 
inflation fluid to flow from said second inflation fluid 
source in a lateral direction in the vehicle to inflate said 
second inflatable device in a lateral direction in the 
vehicle. 

21. An apparatus as defined in claim 20 wherein said 
control means selectively actuates one or both of said first 
and second inflation fluid sources. 

22. An apparatus as defined in claim 21 wherein said 
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24. An apparatus as defined in claim 20 wherein said 
sensor means is operative to sense a side impact condition of 
the vehicle and a rollover condition of the vehicle. 

25. An apparatus as defined in claim 20 wherein the 
vehicle includes a headliner supported on the vehicle roof 5 
and the side structure includes windows, said first and 
second vehicle occupant protection devices having a 
deflated condition wherein said first and second protection 
devices are stored along an outboard side of said headliner 
above the vehicle window. io 

26. An apparatus as defined in claim 20 wherein said first 
and second inflation fluid sources comprise first and second 
stages of a single inflator. 

27. An apparatus as defined in claim 20 wherein said first 
and second inflation fluid sources comprise first and second 15 
inflators. 

28. A vehicle occupant safety apparatus for helping to 
protect an occupant of a vehicle having a roof, a headliner 
supported on the roof, and a side structure including a 
window, said apparatus comprising: 20 

a first vehicle occupant protection device inflatable into a 

position between the side of the occupant's head and 

the vehicle side structure; 
an actuatable first inflation fluid source for directing 

inflation fluid into said first inflatable device to inflate 25 

said first inflatable device; 
a second vehicle occupant protection device inflatable 

into a position between the top of the occupant's head 

and the vehicle roof and overlying the top of the 3Q 

occupant's head; 
a second inflation fluid source actuatable independently of 

said first inflation fluid source for directing inflation 

fluid into said second inflatable device to inflate said 

second inflatable device; and 



355 

8 

control means responsive to at least one sensed vehicle 
condition for selectively actuating one or both of said 
first and second inflation fluid sources; 

said first and second vehicle occupant protection devices 
having a deflated condition wherein said first and 
second protection devices are stored along an outboard 
side of said headliner above the vehicle window. 

29. A vehicle occupant safety apparatus for helping to 
protect an occupant of a vehicle having a roof, a headliner 
supported on the roof, and a side structure including a 
window, said apparatus comprising: 

a first vehicle occupant protection device inflatable into a 
position between the side of the occupant's head and 
the vehicle side structure; 

an actuatable first inflation fluid source for directing 
inflation fluid into said first inflatable device to inflate 
said first inflatable device; 

a second vehicle occupant protection device inflatable 
between the vehicle roof and the vehicle headliner into 
a position between the top of the occupant's head and 
the vehicle roof and overlying the top of the occupant's 
head; 

a second inflation fluid source actuatable independently of 
said first inflation fluid source for directing inflation 
fluid into said second inflatable device to inflate said 
second inflatable device; and 

control means responsive to at least one sensed vehicle 
condition for actuating said first and second inflation 
fluid sources; 

said first and second vehicle occupant protection devices 
having a deflated condition wherein said first and 
second protection devices are stored along an outboard 
side of said headliner above the vehicle window. 

* * * * * 
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